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§4. Observation of Annular Electron 
Acceleration in an ECR Plasma 
Hara, K., Nakano, H., Okamoto, A. (Nagoya Univ.), 
Nagaoka, K., Yoshimura, S., Tanaka, M.Y. 
Characteristic high-energy electrons, which exhibit an 
annular structure on a plane perpendicular to the magnetic field, 
have been observed in an electron cyclotron resonance (ECR) 
plasma. 
The experiments have been performed in the High Density 
Plasma Experiment (HYPER-I) device (30 em in diameter and 
200 em in length). When the plasma is produced at a pressure 
0.8 mTorr (Argon), high-energy electrons with the annular 
structure, which is 6 em in diameter, is observed. The result is 
shown in Fig. 1. the measurement has been carried out with a 
directional Langmuir probe (DLP). In this figure, Ip is the probe 
current and 1p<0 shows that an electron current flows into the 
probe against the negatively biased potential. Therefore the 
white area in Fig.1 shows the existence of high-energy 
electrons whose energy is more than 100 eY. Figure 2 shows 
the axial dependence of this annular structure over 60 em along 
the magnetic field. Furthermore, the velocity distribution of 
these electrons shows an anisotropy against the magnetic field. 
When 8 is ± 45 deg at z = 110 em from the incident point of 
microwave, the flux of the high-energy electrons is maximum. 
Figure 3 shows the probe characteristics at x = 3 em and 10 em, 
in which the angle 8 = +45 deg. In this figure, x = 3 em 
corresponds to the point A in Fig. 1 and this point is inside the 
high-energy electron annulus. The floating potential at x = 3 em 
shows -120 V and is considerably lower than that at x = 10 em, 
indicating that the energy of accelerated electrons is more than 
100 ev' 
Wave-particle interaction such as Doppler shifted electron 
cyclotron resonance may not explain this anomalous electron 
acceleration with annular structure. The elucidation of the 
acceleration mechanism and structure formation is now in 
progress. 
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Fig. 1. Probe current contour at z = 110 em, 8 = +45 deg and 
probe bias = -100 V. 8 is the rotation angle of the probe surface. 
(When 8 = 0 deg the probe surface faces the opposite direction 
ofthe z-axis. Then 8 increases with counterclockwise rotation.) 
Fig. 2. Radial profiles of probe current at z = 50, 80, 110 em. 
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Fig. 3. Probe characteristics at x = 3 em, 10 em and 8 = +45 
deg. 
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